Contributions from high-order (non-perturbative triple and quadruple) cluster amplitudes to the dissociation energies, equilibrium distances, and vibrational constants for the ground states of van der Waals dimers Hg 2 and Cn 2 are evaluated. The incorporation of these contributions into the results of large-scale CCSD(T) calculations leads to non-negligible corrections of the computed molecular constants for Hg 2 (6% for the dissociation energy), and enables one to attain perfect agreement with the experimental values.
I. INTRODUCTION
The Hg dimer was the subject of a series of ab initio calculations (see Table I ). It is well understood from these studies that only highly-correlated relativistic calculations can give reliable results for such systems as the Hg 2 molecule in its ground state. The widely used DFT method with the popular B88P86 and PW91
1 exchange-correlation functionals cannot ensure an acceptable accuracy of the description of the Hg -Hg bonding 2 . In turn, within the wavefunction-based approaches, the basis set superposition error (BSSE) can seriously deteriorate the results for such weakly bound molecules even for rather extensive basis sets. 
II. CALCULATIONS AND DISCUSSION
The contribution from the iteration of triple and quadruple cluster amplitudes for the four valence electrons in Hg 2 and Cn 2 was evaluated as the difference between the total energies obtained in four-electron 4e-FCI and 4e-CCSD(T) calculations 9 . The account of similar contributions from the outer-core electrons is extremely expensive, but they are not expected to be noticeable and are not considered here. sets were used for Hg 2 and Cn 2 , respectively. These basis sets were chosen as a compromise between the accuracy and computational efforts in FCI calculations. The accuracy was checked by calculating the contribution from non-iterative triple cluster amplitudes for the given and rather large (14s, 12p, 9d, 5f, 3g, 2h)/[10s, 9p, 7d, 5f, 3g, 2h] and (16s, 21p, 16d, 12f, 14g, 1h)/[11s, 10p, 8d, 5f, 4g, 1h] basis sets used in Ref. 7 . These calculations were performed at the point R = 7.0 a.u. for Hg 2 and R = 6.5 a.u. for Cn 2 which are close to the equilibrium geometry.
The corresponding contributions from the perturbative (non-iterative) triple cluster amplitudes are −90 cm −1 (large basis set) and −84 cm −1 (small basis set) for Hg 2 , whereas they are −51 cm −1 (large basis set) and −43 cm −1 (small basis set) for Cn 2 . Then the contributions from non-perturbed triples and quadruples for both dimers were evaluated for internuclear distances from 5 to 20 a.u. at a step of 1 a.u. and added to the best potential energy curves obtained in 7 by the CCSD(T) method with large basis sets taking into account the counterpoise and spin-orbit corrections. The spectroscopic constants derived from these curves are collected in Table I and Table II . One can see in Table I that the agreement with the experimental data is significantly improved. Table III All three correcting functions were found to be nearly identical. 
